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METHOD OF CLUTCH-TO-CLUTCH CLOSED 
THROTTLE DOWNSHIFT IN AN AUTOMATIC 

TRANSMISSION 

FIELD OF THE INVENTION 

This invention relates to a control method for an 
automatic transmission, and more particularly, to such a 
method for controlling a clutch-to-clutch closed throt 
tle downshift. - 

BACKGROUND OF THE INVENTION 

Generally, a motor vehicle automatic transmission 
includes a number of gear elements coupling its input 
and output shafts, and a related number of torque estab 
lishing devices such as clutches and brakes which are 
selectively engageable to activate certain gear elements 
for establishing a desired speed ratio between the input 
and output shafts. The brake can be of the band type or 
disk type; engineering personnel in the automotive art 
refer to disc type brakes in transmissions as “clutches” 
or “reaction clutches". As used herein, the terms 
“clutches’” and “torque transmitting devices” will be 
used to refer to brakes as well as clutches. 
The input shaft is connected to the vehicle engine 

through a ?uid coupling, such as a torque converter, 
and the output shaft is connected directly to the vehicle 
wheels. Shifting from one forward speed ratio to an 
other is performed in response to engine throttle and 
vehicle speed, and generally involves releasing or disen 
gaging the clutch (off-going) associated with the cur 
rent speed ratio and applying or engaging the clutch 
(on-coming) associated with the desired speed ratio. 
The speed ratio is de?ned as the transmission input 

speed or turbine speed divided by the output speed. 
Thus, a low gear range has a high speed ratio and a 
higher gear range has a lower speed ratio. To perform 
a downshift, a shift is made from a low speed ratio to a 
high speed ratio. In the type of transmission involved in 
this invention, the downshift is accomplished by disen 
gaging a clutch associated with the lower speed ratio 
and engaging a clutch associated with the higher speed 
ratio to thereby reconfigure the gear set to operate at 
the higher speed ratio. Shifts performed in the above 
manner are termed clutch-to-clutch shifts and require 
precise timing in order to achieve high quality shifting. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a 
method of controlling a closed throttle downshift in an 
automatic transmission by disengaging one clutch and 
engaging another clutch in a controlled manner, and 
using transmission speed feedback to manage the con 
trol. In particular, a motor vehicle automatic transmis 
sion with an electronic control system achieves high 
quality closed throttle downshifts by monitoring input 
and output speeds to coordinate on-coming clutch ap 
plication and off-going clutch release. During the 
closed throttle downshift, the on-coming clutch slip 
speed is reduced to zero rpm while following a com 
puted pro?le by use of closed-loop control of the on 
coming clutch pressure command. The system also 
monitors throttle position and, when the throttle is 
opened during a closed throttle shift, performs a transi 
tion from closed throttle downshift control to powered 
downshift control if the off-going clutch still has pres 
sure, or performs a transition from closed-loop to open 
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2 
loop control of the on-coming clutch if the off-going 
clutch has been exhausted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other advantages of the invention will 
become’more apparent from the following description 
taken in conjunction with the accompanying drawings 
wherein like references refer to like parts and wherein: 
FIG. 1a is a system diagram ofa fluid operated motor 

vehicle transmission, including several solenoid oper 
ated fluid pressure control valves and a computer-based 
control unit for carrying out the control technique of 
this invention. 
FIG. lb is a diagram illustrating the clutch engage 

ments required to establish the various speed ratios of 
the transmission depicted in FIG. la. 
FIGS. 2 and 3a-3b are flow diagrams representative 

of computer program instructions executed by the com 
puter based controller of FIG. 10 in carrying out the 
shift control of tee transmission. 
FIG. 4, graphs A and B, illustrate on-coming pressure 

command and off-going pressure command, respec 
tively, for clutch to clutch shifting according to the 
invention. 

FIG. 5, graphs A and B, are a slip diagram and a 
turbine speed diagram of the on—coming clutch for the 
closed-loop operation thereof according to the inven 
tion. 

FIGS. 6 through 9 are flow diagrams illustrating the 
closed throttle downshift logic for the on-coming 
clutch, according to the invention. 
FIGS. 10 and 11 are flow diagrams illustrating the 

closed throttle downshift logic for the off~going clutch. 
according to the invention. 
FIGS. 12,.14 and 15 are flow diagrams illustrating 

transition logic for throttle increase during closed throt 
tle downshift, according to the invention. 
FIG. 13. graphs A and B, are on-coming and off 

going pressure command curves for powered downshift 
clutch control, and 
FIG. 16 is an on-coming pressure command diagram 

for one case of control after detection of throttle in 
crease during closed throttle downshift according to 
the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings, and more particu 
larly to FIG. 1a, the reference numeral 10 generally 
designates a motor vehicle drive train including a throt 
tled internal combustion engine 12, a fluidic torque 
converter 14, a six-speed fluid operated power transmis 
sion 16 and a differential gear set (DG) 18. The engine 
12 is connected to the torque converter 14 via shaft 20, 
the torque converter 14 is connected to the transmission 
16 via shaft 22, the transmission 16 is connected to the 
differential gear set 18 via shaft 24 and the differential 
gearset is connected to a pair of drive wheels (not 
shown) via the prop shafts 26 and 28. 
Gear shifts are accomplished by selectively engaging 

and disengaging brakes and clutches, herein called 
torque transmitting devices or clutches. These clutches 
are actuated by hydraulic pressure and upon engage 
ment require a fill time before torque is transmitted 
between a driving and a driven friction element. 
The speed and torque relationships between the en 

gine 12 and the drive wheels of the vehicle are con 
trolled by a fluid operated torque converter clutch, 
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designated TCC, and ?ve ?uid operated transmission 
clutches, designated C1-C5. The torque converter 
clutch TCC is selectively engaged by the solenoid oper 
ated control valve 30 to mechanically connect the im 
peller I and turbine T of torque converter 14. The 
clutches TCC, C1, C2, C3, C4, C5 are selectively en 
gaged and disengaged by the solenoid operated control 
valves 30, 32, 34, 36, 38, 40 according to the diagram 
shown in FIG. 1b, to selectively establish a desired 
transmission speed ratio. The illustrated transmission 
gear set provides one reverse ratio and six forward 
ratios, and is described in detail in the Polak US. Pat. 
No. 4,070,927, issued Jan. 31, 1978, and assigned to the 
assignee of the present invention. An operator manipu 
lated accelerator pedal 41 positions the engine throttle 
for controlling the engine power output. 
The operation ofthe solenoid operated control valves 

30-40 is controlled by a computer-based control unit 42 
via lines 44-54 in response to various input signals rep 
resentative of system parameters. Such inputs include 
an engine throttle position signal %T on line 56, an 
engine output shaft speed signal Ne on line 58, a torque 
converter output shaft speed signal Nt on line 60, a 
transmission output shaft speed signal No on line 62, a 
system supply voltage signal Vb on line 64, a transmis 
sion ?uid temperature signal Tsump on line 66 and an 
operator range selector position signal RS on line 68. 
The system voltage is supplied by the storage battery 
70, and the input signals are obtained with conventional 
electrical transducers such as potentiometers, theristors 
and magnetic speed pickups. ' 

Internally, the control unit 42 comprises a number of 
conventional devices including a microcomputer (uC) 
with internal clock and memory, an input/output de 
vice (I/O) and an array of PWM generators (PWM) and 
drivers (DR). As indicated below, a PWM generator 
and a driver (DR) are dedicated to each solenoid con 
trol valve 30-40. The PWM outputs are delivered to the 
respective drivers (DR) and are used to energize the 
respective solenoid control valves. The duty cycle of 
the PWM outputs determine the hydraulic pressure 
supplied by the solenoid control valves, with a low 
percent duty cycle yielding a low pressure and a high 
percent duty cycle yielding a high pressure for a nor 
mally closed valve. 
The hydraulic circuit of transmission 16 includes a 

positive displacement pump 82 for supplying pressur 
ized hydraulic ?uid from the sump or reservoir 84, to 
the clutches TCC and Cl-CS through various hydrau 
lic and electro-hydraulic valving mechanisms. After 
passing through a main circuit filter 86, the ?uid output 
of pump 82 is directed to a main pressure regulator 
valve 88 which develops regulated ?uid pressures in 
lines 90 and 92. 
The ?uid in line 90, generally referred to as converter 

feed pressure, is directed through the torque converter 
14, as schematically designated by the converter shell 
97. After passing through a cooler 100 and cooler ?lter 
102, the converter ?uid is then regulated down to a 
lower pressure by the regulator valve 104 and directed 
to the transmission lube circuit, as designated by the 
bubble 106. ' 

The ?uid in line 92, generally referred to as main or 
line pressure, is supplied as an input to the clutch con 
trol valves 30-40, and also to the control pressure regu 
lator valve 96. The control pressure regulator valve 96 
develops a somewhat lower pressure in line 98, referred 

40 

55 

65 

4 
to herein as the control pressure, such pressure being 
directed to the solenoid of each control valve 30-40. 
The ?uid in line 94, referred to as the converter 

clutch pressure, is supplied directly by solenoid 30 to 
the torque converter clutch TCC to engage the same. 
This pressure is also supplied to the main regulator 
valve 88 to provide a lower regulated line pressure in 
the converter lock-up mode. 
FIGS. 2, 3, 6-12, 14 and 15 are ?ow diagrams repre 

sentative of computer program instructions executed by 
the computer-based control unit 42 of FIG. 1 in carry 
ing out the shift control technique of this invention. In 
the description of the ?ow diagrams other than FIG. 2, 
the functional explanation marked with numerals in 
angle brackets, <nn>, refers to blocks bearing that 
number. 
FIG. 2 represents an executive or main loop program 

which directs the sequential execution of various sub 
routines. Block 130 designates a series of instructions 
executed at the initiation of each period of vehicle oper 
ation for setting the various timers, registers and vari 
able values of control unit 42 to predetermined initial 
values. Thereafter, the blocks 132-140 are sequentially 
and repeatedly executed as indicated by the ?ow dia 
gram lines. Block 132 reads the various input signal 
values and outputs the required control signals to the 
PWM generators and drivers for solenoid controlled 
valves 30-40. Blocks 134-138 contain diagnostic. shift 
scheduling, and adaptive ?ag logic. The clutch control 

‘ logic block 140 analyzes the various system input sig 
nals described above in reference to FIG. 10. develops 
pressure command signals PCMD for application to the 
solenoid operated control valves at the next execution 
of block 132, and computes adaptive corrections based 
on the adaptive ?ags at shift completion. Block 140 also 
effects pulse-width-modulation of the solenoid drive 
voltage to carry out the pressure commands for specific 
shift operations. Block 140 is detailed in the ?ow chart 
of FIGS. 3a-3b. 
The ?ow diagram of FIGS. 3a-3b sets forth the pro 

gram for making decisions as to the type of range shift 
in progress, if any, and determines the specific control 
for the on-coming and the off-going clutches. The pro~ 
gram also checks whether a shift has performed within 
specifications, and if not, certain shift parameters are 
changed at shift completion according to predefined 
adaptive logic to correct the shift. First, lockup clutch 
control is executed <142> if a lockup shift is in 
progress <144>. Then it is determined (from the shift 
schedule) whether a range shift is in progress 
<146>. If not, the clutch control logic is exited. Ifa 

range shift is in progress <146>, it is determined 
whether it is an upshift <l50>, a downshift <152>, a 
neutral shift <154>, or a garage shift <156>. A ga 
rage shift is a shift from neutral to either drive or re 
verse, or a shift from drive to reverse or from reverse to 
drive. The control ?ows from either the upshift, down~ 
shift, neutral shift or the garage shift block to the end 
of-shift- test <160>. Once the shift is completed 
<160>, adaptive shift parameters are changed if re 
quired <162>and the duty cycle command is output 
<163>. If the shift has not ended <160>, the duty 
cycle command is output <163>before returning to 
the main loop of FIG. 2. 

If an upshift is indicated < 150>, the upshift on-com 
ing clutch control <164> and the'upshift off-going 
clutch control <166> are activated. If a downshift is 
indicated <152>, it is next decided whether it is a 
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closed throttle downshift or a powered downshift 
<168>. If it is closed throttle, a closed throttle in 
progress flag is set < 169>, the closed throttle on-com 
ing clutch control is activated <170> and the closed 
throttle off-going clutch control is activated <172>. If 
the downshift is not at closed throttle <168'>, the 
closed throttle ?ag is checked <173>. If the flag is not 
set, the powered downshift on-coming clutch control 
<174> and the powered downshift off-going clutch 
control <176> are activated. If the closed throttle flag 
is set < l73>, the throttle opened during the course of 
the closed throttle downshift and a transition to pow 
ered downshift may be necessary; in such case, the 
appropriate transition logic is invoked <178>. If the 
shift is a neutral shift <154>, the neutral shift clutch 
control executes shifts from drive to neutral or from 
reverse to neutral <l55>. 
Each control phase operates by setting pressures, 

pressure increments, times or other values to prede?ned 
calibrated values which are herein generally called 
“set”, “preset", “given” or “certain" values. Each such 
value is chosen from a table of calibrated values for 
each speci?c transmission condition, throttle range and 
shift type. Thus, different values are supplied for up 
shift, downshift, etc. as well as each range shift, e.g., 
1-2, 2-1, 4-3, 5-4, etc. Converter and lockup modes 
may also require separate sets of calibration values. 
FIG. 4, graphs A and B, respectively, show the on 

coming and off-going pressure commands for control of 
the on-coming and off-going clutches during a closed 
throttle downshiftl At shift initiation, the on-coming 
pressure command is set to maximum for a ?ll time to 
prepare the on-coming clutch to accept torque. During 
the ?ll time, the off-going clutch pressure command is 
stepped to an intermediate value Pint for a set time, and 
is then stepped to a lower value Pioff until a preset time 
before the end of the ?ll time. Thus, the ?ll time less the 
preset time determines the off-going clutch period. 
Then the off-going clutch is exhausted so that the on‘ 
coming clutch can take over when it is ready. The on 
coming clutch pressure command is set to an initial 
closed-loop pressure Picl and then ramped up until slip 
of the off-going clutch (or turbine pullup) is detected. 
Turbine pullup is a result of the beginning of off-going 
clutch slip. Pullup is detected when the turbine speed 
Nt becomes greater than the product of the output 
speed No and the old or lower speed ratio SR(old) plus 
a constant Kl, or 

The off-going clutch slip triggers closed-loop control 
of the on-coming clutch pressure. The on-coming 
clutch slip is monitored and controlled to a calculated 
slip pro?le. This closed-loop slip pro?le control contin 
ues until on-coming clutch synchronization has been 
detected for several consecutive times. Synchronization 
is detected when the turbine speed Nt is within a thresh 
old value, K2, of the output speed times the new or high 
speed ratio, or 

The closed-loop pro?le control is better explained 
with reference to FIG. 5, graph A, which shows the 
on-coming clutch slip speed pro?le in solid lines and 
actual slip speed in dashed lines. Slip speed is deter 
mined by comparing the turbine speed to the output 
speed. Speci?cally, slip speed is the difference (times a 
conversion factor K3) between turbine speed and the 
product of the output speed and the speed ratio of the 
higher or new range, or algebraically, . 

5 

20 

25 

35 

45 

6 

Thus, as soon as a shift command is issued, there is slip 
in the on-coming clutch. The initial slip speed. SLIPI, is 
the slip value at the initiation of closed loop. The slip 
speed pro?le begins at that point and decreases at a 
?xed rate, called the ?rst slope. Then at a determined 
point, the rate reduces to a second slope. The slopes are 
chosen so that, ideally, the actual slip speed can be made 
to smoothly go to zero within a given time period. The 
second slope is less steep than the ?rst slope and reduces 
end of shift torque disturbance by more closely match 
ing the acceleration-rates on both sides of the on-com 
ing clutch. By using slip speed as the control target, 
both turbine and output speeds are taken into account 
when controlling the shift duration. 
To determine the slopes of the slip pro?le, three con 

stants C1, C2 and C3 are de?ned. The constant Cl is a 
fraction of SLIPI at which the second slope begins; i.e., 
if SLIP=<C1‘SLIPI, the slope changes to slope 2. 
The constant C2 is the desired time to utilize the ?rst 
slope. The constant C3 is the desired overall closed 
loop time. The constants C2 and C3 are used only for 
the slope calculation and not for direct timing purposes. 
The ?rst and second slopes SLOPEl, SLOPEZ are 
de?ned as: 

SLOPEI:[SLIPI—(C1*SLIPI)]/C2; and 

The closed-loop pro?le control is carried out by cor 
recting the on-coming clutch command pressure by a 
term which is proportional to slip speed error. The 
effect on turbine speed is shown in FIG. 5. graph B, 
where pullup is detected when turbine speed increases a 
certain amount above the lower dashed line which rep 
resents the product of output speed and speed ratio for 
the old range. Thereafter the turbine speed increases in 
accordance with the pro?le control where on-coming 
clutch slip speed is seen to be the difference between the 
turbine speed curve and the upper dashed line which 
represents the product of output speed and speed ratio 
for the new range. The arrival at synchronization speed 
as determined by detecting sync a preset number of 
times in consecutive loops completes the closed-loop 
pro?le control. At that time maximum pressure is ap 
plied to the on-coming clutch. 
The control has several advantages. The off-going 

pressure intermediate value Pint reduces clutch pres 
sure undershoot caused by solenoid dynamics. The 

_ lower off-going pressure Pioff is suf?cient to maintain 
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the old range and allows transition to off-going clutch 
control in the event of a throttle increase before the 
off-going clutch is exhausted. By exhausting the off 
going clutch before the end of ?ll time, it is assured that 
off-going clutch capacity is removed before application 
of the on-coming clutch and thereby eliminates clutch 
tie-up and associated shift quality degradation. 
The off-going clutch slip is used to detect turbine 

pullup and thereby indicate that on-coming clutch ca 
pacity has been achieved. This automatically times the ‘ 
application of closed-loop control. The on-coming pres 
sure command is ramped up following ?ll termination 
to achieve a timely turbine pullup when the initial on 
coming command pressure is low. If the off~going 
clutch slip is detected during the ?ll period, the ?ll 
period is terminated early to reduce the over?ll torque 
disturbance. _ 

The closed-loop pro?le controls the on-coming 
clutch slip (rather than turbine speed) to insure that 
changes in output speed (due to braking) are also taken 








